Store-operated calcium entry is an almost ubiquitous signaling pathway in eukaryotic cells. The plasma membrane store-operated channels are comprised of subunits of the recently discovered Orai proteins, the major one being Orai1.We have discovered that native Orai1, as well as expressed Orai1, exists in two forms in similar quantities: a longer form (Orai1a) of approximately 33 kDa, and a shorter form (Orai1b) of approximately 23 kDa. The Orai1b form arises from alternative translation initiation from a methionine at position 64, and possibly also 71, in the longer Orai1a form. In the sequence upstream of the initiation site of Orai1b, there is a polyarginine sequence previously suggested to be involved in interaction of Orai1 with plasma membrane phosphatidylinositol-4,5-bisphosphate. The loss of this phospholipid binding domain would be expected to influence the mobility of Orai1 protein in the plasma membrane. Indeed, experiments utilizing fluorescence recovery after photobleaching (FRAP) revealed that the recovery half-time for Orai1b was significantly faster than for Orai1a. Since Orai1 must diffuse to sites of interaction with the Ca 2+ sensor, STIM1, these two mobilities might provide for efficient recruitment of Orai1 subunits to sites of store-operated Ca 2+ entry during agonist-induced Ca 2+ signaling.
Introduction
The calcium ion (Ca 2+ ) is an important second messenger, regulating almost all cell functions including muscle contraction, neurotransmitter release, proliferation, differentiation and even cell death. In the process of Ca 2+ signaling, the Ca 2+ concentration rises in the cytoplasm, where the free Ca 2+ concentration is normally low, due to influx from the extracellular space and release from intracellular Ca 2+ stores. A variety of surface receptors such as Gprotein-coupled receptors and receptor tyrosine kinases are coupled to phospholipase C (PLC) activation. Upon receptor activation, PLC hydrolyses phosphatidylinositol-4,5-bisphosphate (PIP 2 ) into inositol-1,4,5-trisphosphate (IP 3 ) and diacylglycerol. IP 3 activates IP 3 receptors in the endoplasmic reticulum (ER) membrane resulting in Ca 2+ release from the ER. This release of Ca 2+ from the ER results in the depletion of stored Ca 2+ which triggers Ca 2+ influx across the plasma membrane through a process known as store-operated Ca 2+ entry (SOCE) (Putney, 1986) . It was recently discovered that SOCE is composed of two essential membrane proteins, Orai1 and STIM1 Liou et al., 2005; Roos et al., 2005; Vig et al., 2006; Zhang et al., 2006) . Orai1 is a 4-pass transmembrane protein localized predominantly in the plasma membrane and forms a tetrameric functional SOC channel Prakriya et al., 2006; Vig et al., 2006; Yeromin et al., 2006) . Upon store depletion, STIM1, a Ca 2+ sensor on the ER membrane, oligomerizes and migrates to special ER-PM junctions called puncta, and activates Orai1 apparently by direct interaction (Liou et al., 2005; Stathopulos et al., 2006; Wu et al., 2006; Zhang et al., 2005) . Orai1 has two other homologues, Orai2 and Orai3 Vig et al., 2006) . All three Orai homologues can be activated by STIM1 upon store-depletion with some differences in magnitude of channel activity and pharmacology (DeHaven et al., 2008; Lis et al., 2007; Mercer et al., 2006) . Despite a growing accumulation of knowledge about the activation process of Orai1 by STIM1, the regulation of its expression is largely unknown. The Orai1 gene and protein are ubiquitously expressed (Gwack et al., 2007; McCarl et al., 2009 ). Orai1 is post-translationally glycosylated on an asparagine residue at position 223 (Gwack et al., 2007) . However, the functional relevance of this glycosylation remains elusive. It has been reported that Orai1 is phosphorylated on serine residues at amino acids in positions 27 and 30 by protein kinase C, which negatively regulates Orai1 function (Kawasaki et al., 2010) . Recently, it has been reported that the expression of Orai1 is suppressed during mitosis, contributing to suppression of SOCE (Smyth et al., 2009; Yu et al., 2009) . Furthermore, Orai1 is internalized into endosomes during meiosis by caveolin-mediated endocytosis (Yu et al., 2010) .
In this study, we report that the Orai1 gene is expressed in two different isoforms of Orai1 protein, Orai1a and Orai1b. The shorter isoform, Orai1b, is translated from a second or third methionine residue by alternative translation initiation. Both isoforms are ubiquitously expressed in human cell lines derived from different tissues and both localize similarly within cells as seen by confocal microscopy. In the sequence upstream of the initiation site of Orai1b, there is a poly-arginine sequence previously suggested to be involved in interaction of Orai1 with plasma membrane phosphatidylinositol-4,5-bisphosphate, as well as a sequence suggested to mediate interaction with caveolin. In the current study, we show that the shorter form of Orai1 has faster mobility in the plasma membrane. Since the roles of Orai channels in Ca 2+ signaling pathways is expanding, it is possible that these distinct channel forms have specific roles in distinct modes of Ca 2+ signaling.
Results

Orai1 is expressed as two isoforms in HEK293 cells
Since Orai1 has an N-glycosylation site on the asparagine residue 223, Western blotting showed several diffuse bands around 37 kDa (Fig. 1) . The multiple bands disappeared following treatment with N-glycosidase F (PNGase F), an enzyme which hydrolyzes glycosylamine linkage of asparagine-linked oligosaccharides, leaving two bands instead (Fig. 1 ). Both bands were essentially eliminated by siRNA-mediated knockdown of Orai1, suggesting that both represent forms of Orai1 protein (Fig. 1 ). Both bands were recognized by two different antibodies raised against different epitopes ( Fig. 1, supplementary material Fig. S2 ). The longer isoform, which we designate Orai1a, is about 33 kDa, which is similar to the predicted molecular mass (32.67 kDa) of full-length of Orai1. The shorter form, which we designate Orai1b, is about 23 kDa. The most likely mechanisms to produce multiple protein isoforms from a single gene are alternative splicing of the message, post-translational processing and alternative start sites of initiation. We found that the two forms of Orai1 were obtained either in native cells (as in Fig. 1 ) or when Orai1 was overexpressed from cDNA ( Fig. 2A , first lane). This indicates that the two forms do not result from alternative splicing of message. We also analyzed the expression of Orai1 tagged with cyan fluorescent protein N-(ECFP-Orai1) or C-terminally (Orai1-ECFP) using an anti-GFP antibody. ECFP-Orai1 is expressed around 60 kDa, which is consistent with the estimated molecular mass. No second band was seen with ECFP-Orai1 (not shown), which could mean that the Nterminus is truncated by either alternative translation or posttranslational modification (proteolysis). However, surprisingly, when Orai1-ECFP was overexpressed, again almost all of the expressed protein corresponded to the longer, Orai1a version (Fig. 2B , first lane). We noted that when the construct for Orai1-ECFP was made, as is often the case the Kozak sequence for the first methionine was improved (indeed, the Kozak sequence for the first methionine in the native 59-untranslated region is rather weak). We considered that if the two forms of Orai1 arose due to alternative translation initiation, then strengthening the Kozak at the first initiation site might result in a majority of product formed from initiation at that site. To test this idea, we then made a construct of Orai1-ECFP but with the native 59-untranslated region restored. When this construct was transfected into HEK293 cells, now two bands were seen, with the predicted sizes of ECFP-tagged Orai1a and Orai1b (Fig. 2B, second lane) . This then suggests that Representative data from at least three independent experiments are shown. Lower panels represent the ratio of Orai1a and Orai1b calculated by densitometric analysis. Data are means 6 s.e.m.; *P,0.05, **P,0.01, ***P,0.001, one-way ANOVA followed by Tukey's test (n53).
the two Orai1 isoforms arise due to alternative translation initiation, and this possibility was investigated in more depth.
Expression of two different isoforms of Orai1 is mediated by alternative translation initiation
To investigate the formation of alternative translation products of Orai1, we first mutated the first methionine codon (ATG) to that of alanine (GCG) to block the production of full-length Orai1 [Orai1(M1A)]. When expressed in HEK293 cells, Orai1(M1A) showed only one band after PNGase F treatment that has exactly same size as WT Orai1b ( Fig. 2A) . This result strongly suggested that the shorter isoform is translated from an alternative translation start site. Orai1 has two methionine residues downstream of the first in its N-terminus, amino acids 64 and 71. Next, we mutated these methionines to alanine or valine individually or in combination. These were expressed in HEK293 cells and their expression analyzed by Western blotting. While two single mutants showed the both longer and shorter isoforms of Orai1, the disruption of both methionines strongly suppressed the expression of the shorter form, Orai1b ( Fig (Fig. 2B ). Orai1 mRNA has a relatively weak translation initiation site at the first methionine, which results in the production of protein translated from the second and third methionine codons. Note that in the M64A/M71A mutants, a small amount of Orai1b still appears to be formed; this is likely due to the very weak nature of the first initiation site, and the retention of some Kozak properties at the second site(s), even in the absence of a methionine (Kozak, 1989; Peabody, 1989) . Note that expression of Orai1b from the M1A mutant construct is always very strong compared to WT and other mutants (Fig. 2 ). For example, in the Western analysis of the M1A mutant of Orai1-EGFP, the amount of loaded protein in the lane is reduced to half compared to other lanes because of the very strong expression of Orai1b from the M1A mutant.
N-terminal truncation in Orai1b does not affect subcellular localization
It is known that the N-terminal amino acid sequence is important for the membrane insertion process occurring immediate after translation, and for the later secretory pathway. Furthermore, recent findings have suggested a critical role of the Orai1 Nterminus in the regulation of its cell surface expression [ (Yu et al., 2010) , and see Discussion]. Therefore, we evaluated the localization of Orai1a and Orai1b in HEK293 cells and the ability of the two forms to form puncta in response to Ca 2+ store depletion (Fig. 3) . Equatorial confocal sections of resting HEK293 cells shown in Fig. 3A illustrate that EGFP-and EYFP-fused Orai1 proteins were almost exclusively localized in the plasma membrane, while mCherry-STIM1 fluorescence was distributed in cytoplasmic regions with a characteristic fibrillar pattern. Thapsigargin treatment (20 min) induced the accumulation of mCherry-STIM1 into puncta which locate in junctions between the ER and the plasma membrane. Although the change of Orai1 distribution was not as drastic as STIM1, both Orai1 forms also accumulated into the puncta and significantly co-localized with STIM1.
To better assess the localization of the two Orai1 forms during signaling, we imaged Orai1 puncta in cells simultaneously expressing STIM1, Orai1a-EGFP and Orai1b-mCherry following store depletion by the phospholipase C-activating agonist, carbachol. As shown in the cortical confocal sections of Fig. 3B , both forms appear to form puncta equally well and there was no apparent heterogeneity of the puncta with regard to their content of the two forms. Orai1. Both untagged Orai1 constructs were introduced into HEK293 cells with EYFP-STIM1. After thapsigargin treatment in nominally Ca 2+ -free solution, we added back extracellular Ca 2+ by a step-wise increase in concentration. As we observed previously (Mercer et al., 2006) , at the concentration of 0.1 mM Ca 2+ , there was little increase of SOCE in HEK293 cells coexpressing each Orai1 construct with EYFP-STIM1 compared to that in the cells expressing EYFP-STIM1 alone (Fig. 4A) . At 0.3 mM and 1 mM extracellular Ca 2+ concentration, cells overexpressing Orai1 and EYFP-STIM1 showed significantly larger Ca 2+ increase than EYFP-STIM1-expressing control cells. However, there was no significant difference among Orai1 constructs (Fig. 4A) . Next, we analyzed whether there were changes in the channel properties by recording I crac . Although there were no significant differences in activation kinetics (halftimes) or in the highly Ca 2+ -selective I-V relationship of I crac among all Orai1 constructs, the average amplitude of I crac recorded from cells co-expressing the Orai1 M64A/M71V mutant with EYFP-STIM1 was somewhat reduced compared to other two constructs (Fig. 4B ). This result is consistent with the data of protein expression by Western blotting in which the M64A/M71V mutant of Orai1 gives less expression than other constructs ( Fig. 2A) .
We considered that downstream signaling due to store depletion and I crac activation might differentially regulate the levels of the two Orai1 isoforms. However, no such difference was seen in cells activated with thapsigargin for 1 hour, whether in the presence or absence of extracellular Ca 2+ (supplementary material Fig. S3 ).
Orai1a and Orai1b have distinct plasma membrane mobilities
Within the sequence upstream of the initiation site for Orai1b are sequences shown to interact with caveolin (Yu et al., 2010) and with PIP 2 (Calloway et al., 2011) . Loss of these domains might be expected to alter the mobility of Orai1 in the plasma membrane, since mobility is influenced by interaction with other membrane and subcellular components. To investigate this possibility, we assessed the mobilities of the two isoforms, expressed either singly or together by use of fluorescence recovery after photobleaching (FRAP), as described in the Materials and Methods. The recovery of both Orai forms occurred with two rate constants. The first with a half time of around 7 sec was similar for both forms and with both modes of expression. This rapid movement indicates molecules moving without impediment and without interaction with other cellular components. It may reflect excess quantities of the protein due to overexpression. For both forms there was a second, slower rate of recovery. For Orai1b this second, slower rate had a half time of 23.362.8 sec when expressed singly, and 3966 sec when coexpressed with Orai1a. For the Orai1a isoform, the second component showed an even slower mobility with high standard deviation, predicting a heterogenic population. Fig. 5 shows a histogram of the half times for the two isoforms in cells transfected with either Orai1a-EGFP or Orai1b-EGFP alone (Fig. 5A ) and in cells transfected with both isoforms, Orai1a-EGFP plus Orai1b-mCherry (Fig. 5B) . In cells expressing the two isoforms singly or together with one another, the distribution of half-times for Orai1b appeared normal and uniformly distributed. Orai1a in both cases there appeared to be two populations. A smaller fraction of half times (24 out of 73 when expressed singly and 16 out of 54 when expressed together) had a similar half-time to that of Orai1b (25.662.0 sec and 3267 sec, respectively). However, in both cases the larger proportion of measurements (49 out of 73 when expressed singly and 38 out of 54 when expressed together) revealed much longer half times of 59.0612.0 sec and 62612 sec, respectively. The basis for the minor proportion of faster diffusion rates is not known, as these occurred randomly, even with sequential measurements within a single cell.
Thus, when expressed either singly or together, the two forms exhibited clearly distinct mobilities as determined by rates of FRAP. This result strongly suggests that the two proteins do not combine to form hetero-tetrameric channels; if so, one would expect channels with a single, perhaps broad distribution of mobilities. However, it does seem that the mobilities of Orai1b, and perhaps of the minor population of Orai1a, are slowed somewhat when the two isoforms are co-expressed, while the slower mobility of the greater fraction of Orai1a was essentially unchanged. This many indicate some form of interaction between the two channel types, but this is not known at present.
Both Orai1a and Orai1b are expressed in other human cell lines
Finally, we analyzed protein expression of both the a and b isoforms of Orai1 in several human cell lines. We chose Jurkat T cells, HeLa cells, the keratinocyte cell line HaCaT, the squamous carcinoma cell line A431, a lung adenocarcinoma H441 and a colorectal adenocarcinoma T84 in addition to HEK293 cells. In all cell lines, both the longer and shorter isoforms of Orai1 were detected (Fig. 6) . While the total expression levels of Orai1 were varied, the ratios of the isoforms were similar among the cell lines we examined. This result suggests that there may be no tissue-specific regulation of the alternative translation initiation of Orai1 protein at least in resting conditions.
Discussion
In this study, we demonstrate that Orai1 proteins are expressed in human cells as two different isoforms by alternative translation initiation. The longer form we designate Orai1a, and the shorter form, Orai1b. Site-directed mutagenesis revealed that there are two possible translation initiation sites giving rise to the short form at methionine residues 64 and 71. Since these two start sites are very close to one another, we have designated the short form as one entity, Orai1b, although it may be comprised of two forms differing by only 7 amino acids. We note that initiation at M71 would impair an established calmodulin-binding domain (residues 69-91) (Mullins et al., 2009) . It is therefore conceivable, and perhaps likely that Orai1b initiates exclusively at M64, and only at M71 when M64 is mutated, but it is not possible to determine this with certainty. In most human cell lines, endogenous Orai1 is expressed as these two isoforms at least in resting conditions. Under the conditions of our assays, with the proteins overexpressed, we see no obvious difference in their activation or in the nature of the currents they produce.
Alternative translation initiation is one of the more important mechanisms for gene diversity (Kochetov, 2008) . Based on the current model, the ribosome initiates translation upon scanning the first AUG from 59 to 39. However, the translation initiation site is also defined by the sequence around the first AUG. The canonical translation initiation site, which is known as the Kozak sequence, is RnnAUGG, in which R denotes a purine residue (Kochetov, 2008) . Since the mRNA sequence of Orai1 around the first AUG is UCCAUGC, it would be too weak to efficiently stall the 40S ribosome at that site for translation initiation. Half-times of recovery from FRAP were calculated as described in the Materials and Methods. (A) Singly expressed Orai1-GFP isoforms; Orai1a data distributed as two populations, a minor one averaging 26 seconds, and a major one averaging 59 seconds. Orai1b shows a homogenous distribution averaging 23 seconds. The data represent 73 FRAP recovery curves from 18 cells for Orai1a and 64 FRAP recovery curves from 13 cells for Orai1b, from three independent experiments. (B) Coexpressed Orai1a -GFP and Orai1b-mCherry isoforms; Orai1a data distributed as two populations, a minor one averaging 32 seconds, and a major one averaging 64 seconds. Orai1b shows a homogenous distribution averaging 39 seconds. The data represent 54 FRAP recovery curves from 20 cells, from three independent experiments. Scaling cluster sizes (or Dt 1/2 ) were varied, Orai1b (Dt 1/2 5 1 sec), Orai1a (Dt 1/2 5 2 sec for the faster population and Dt 1/2 5 5 sec for the slower population) for clearer presentation. The smooth curves are calculated normal distributions for the data.
Despite many reports of distinct forms of ion channels due to alternative splicing of message (for example, Gross et al., 2007; Oberwinkler et al., 2005; Standley et al., 2003; Zhang and Saffen, 2001) , we are aware of only one instance of multiple channel isoforms due to alternative translation initiation (Simkin et al., 2008; Thomas et al., 2008) . To date, there have been no reports describing the expression of two different isoforms of Orai1. Since Orai1 is a highly glycosylated protein, complete removal of the sugar chain by PNGaseF treatment is required to detect the two bands clearly in Western analysis (Fig. 1) . It is possible that many cDNA clones of Orai1 used in expression studies have been modified with strong Kozak sequences for optimal expression in mammalian cells, which would thus obscure the expression of the shorter isoform of Orai1b. This prediction was confirmed by our observation that an Orai1-EYFP construct modified with a conventional Kozak sequence (GACGGCACCATG) expressed almost exclusively the longer Orai1a protein fused to EYFP (Fig. 2B) . The Orai1 cDNA clone (Origene; Cat# SC316298) used in the current study retains the original 59 untranslated region. Thus, we could observe clear expression of the two different isoforms, as seen in untransfected cells. In HEK293 cells, the WT Orai1 cDNA clone expressed slightly more of the longer Orai1a form than the shorter Orai1b form. Densitometry analysis revealed about 50% more expression of the longer isoform (Orai1a/Orai1b51.54760.11; mean 6 s.e.m.; n54).
In addition to the interaction with STIM1, there are reports of other mechanisms of regulating Orai1 that involve interactions with residues found only in the longer Orai1a. Kawasaki et al. demonstrated that serine residues at the position of 27 and 30 are phosphorylated by protein kinase Cb, which is important for negative regulation of SOCE (Kawasaki et al., 2010) . We thus might presume that the relative amounts of the two isoforms would dictate sensitivity to regulation by protein kinase C. However, we were unable to test this idea as we have consistently failed to see any effect of phorbol ester on thapsigargin-activated store-operated Ca 2+ entry in HEK293 cells, in either the untransfected cells or in cells overexpressing STIM1 and Orai1.
Yu et al. recently reported caveolin (Cav)-mediated internalization of Orai1 during meiosis (Yu et al., 2010) . Although deletion of the first 70 amino acids had no effect on plasma membrane expression in oocytes, deletion of the Nterminus prevented internalization of Orai1 during meiosis. Amino acids 52-60 of Orai1 were identified as a Cav binding motif. This observation is quite interesting because one of the more common and important functions of alternative translation initiation is to alter localization of the gene product. We did not observe any difference in localization between the long and short forms of Orai1 when expressed in HEK293 cells, in resting cells or after store-depletion (Fig. 4) . However, since HEK293 cells do not express a lot of Cav proteins, this system may not be suitable for the analysis of the contribution of Cav protein in the regulation of SOCE. There may be certain conditions (for example during meiosis) and/or specific cells or tissues in which only full-length Orai1 is regulated in a Cav-dependent manner. Recently, a N-terminal polyarginine sequence (amino acids 28-33) was suggested to be a binding site for phosphatidylinositol-4,5-bisphosphate (PIP 2 ) and to regulate lateral distribution of Orai1 in the plasma membrane (Calloway et al., 2011) . The observations of Cav and PIP 2 binding strongly suggest the fulllength Orai1 will be under strict spatio-temporal regulation in the plasma membrane. Consistent with this idea, we found that in most measurements, Orai1a exhibited a substantially slower rate of recovery from FRAP, indicating that its mobility in the plasma membrane may be restricted by interaction with other components.
Despite this difference in mobility, we did not observe any striking functional difference between the full-length and truncated shorter isoforms in experiments utilizing overexpression of each of the two proteins. It has been previously reported that the deletion of N-terminal amino acids 1-73 reduced STIM1-mediated Orai1 activation slightly (Li et al., 2007; Yuan et al., 2009 ). However, the isolated SOAR domain, a region in STIM1 critical for the activation of Orai1, can fully activate an Orai1 N-terminal truncation mutant (Yuan et al., 2009) . Yuan et al. proposed that four proline residues at positions 3, 5, 39 and 40 are critical for the interaction with polybasic domain of STIM1, which is important for the SOAR domain to be released from auto-inhibition. In our study, we did not see significant reduction of I crac or store-operated Ca 2+ entry in HEK293 cells overexpressing Orai1 (M1A) mutant and STIM1. However, it is quite possible that subtle regulatory effects are lost due to overexpression of both Orai1 and STIM1. It is well documented that the polybasic domain of STIM1 is not necessary 
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for Orai1 activation under conditions of overexpression (for example, Smyth et al., 2009) .
In summary, we have demonstrated that in humans, Orai1 exists in two isoforms due to alternative translation initiation. The two isoforms are found in similar quantities in cell lines derived from a variety of different tissues. The longer form, Orai1a, retains sequences predicted to mediate interaction with other cellular components, and in FRAP recovery experiments, Orai1a was shown to have slower plasma membrane mobility than the shorter Orai1b. Many possibilities exist with regard to the physiological roles of these distinct channel forms. For example, Orai1 has an additional role in regulating TRPC1 trafficking (Cheng et al., 2011) , and in forming arachidonic acid gating channels when combined with Orai3 (Shuttleworth, 2009) . There is evidence that distinct store-operated channels may regulate specific signaling pathways , and this may depend upon their localization and interaction with other molecules. These possibilities will need to be the focus of continued research on this centrally important signaling molecule.
Materials and Methods
Cell culture HEK293 cells were obtained from ATCC and cultured in DMEM (Invitrogen) supplemented with 10% fetal bovine serum. Cells were maintained at 37˚C in a humidifier incubator set at 5% CO 2 .
cDNA constructs, siRNA and transfection Human Orai1 cDNA encoding full 59 and 39 untranslated regions from the Orai1 message was obtained from Origene. Site-direct mutagenesis of methionine 1, 64 and 71 to alanine or valine was carried out by using Quikchange II XL (Stratagene) according to the manufacturer's instructions. These mutant Orai1 cDNAs were amplified by PCR and subcloned into pEGFP-N1 vector (Clontech) to fuse EGFP on their C-termini. HEK293 cells were transfected with plasmid DNAs by using Amaxa nucleofection (Lonza) according to the manufacturer's instructions. To knock down endogenous Orai1 in HEK293 cells, the cells were transfected with siRNA against human Orai1 as described previously (Mercer et al., 2006) . HEK293 cells were transfected with siRNAs by using Hiperfect (QIAGEN) according to the manufacturer's instructions and used for experiments 48 hours after transfection.
Cell lysis and Western blotting
HEK293 cells were lysed in RIPA buffer [137 mM NaCl, 20 mM Tris-HCl, pH 7.4, 1% Triton X-100, 0.1% sodium dodecyl sulfate (SDS), 0.5% sodium deoxycholate, 2 mM EDTA, 5 mM sodium orthovanadate and protease inhibitor cocktail (Roche)]. To remove N-glycosylation, lysates were treated with N glycosidase F (Roche or Sigma) at 37˚C overnight. Cell lysates were resolved by a 4-20% gradient or 10% fixed SDS-PAGE and subjected to immunoblot analysis with anti-human Orai1 (Sigma; 1:5000 or Thermo; 1:3000), anti-actin (Sigma; 1:3000) or anti-GFP antibody (Abcam; 1:1000). The bands were scanned and the density of each band was determined using ImageJ software.
Confocal imaging
Fluorescence images were acquired with a confocal laser-scanning microscope (LSM710; Carl Zeiss) using the 488 nm line of an argon laser for excitation and a 493 nm to 552 nm band-pass filter for emission for EGFP, the 514 nm line of an argon laser for excitation and 517 nm to 575 nm for emission for EYFP, or the 561 nm line of a HeNe laser for excitation and 578 nm to 694 nm for emission for mCherry. The specimens were viewed at a zoom of 2.46 using plan oil objectives (Plan-Apochromat 636, numerical aperture 1.4, Oil DIC M27). Images were taken every 30 seconds for 20 minutes. FRAP measurements were carried out on a LSM710 confocal microscope (Carl Zeiss, Jena, Germany) using an C-Apochromat 406/1.2 W objective at a zoom of 2.66. EGFP was excited with the 488 nm line of 25 mW Argon laser at 1-4% power to minimalize the bleaching of the sample during monitoring. Fluorescence emission was detected between 492-602 nm. The pinhole was set at 1.5 Airy Unit (1.5 mm resolution) and no line averaging was used. The detection gain 640V was chosen such that the Orai1-EGFP pool at the plasma membrane was almost saturating the dynamic level of the detectors. Bleaching area (ROI) was 2.6 mm wide square, and not more than 5% of the whole plasma membrane of the targeted cell. 10 bleach iterations, 180 msec of bleaching time, at 100% transmission of a 25 mW 488 nm laser were sufficient to bleach 80-90% of EGFP. Three pre-bleach images were taken to assess noise. Image size, 81.6 mm681.6 mm, was chosen to be able to monitor two neighboring cells to calculate the overall photo-bleaching and evaluate focal plane drifts during post bleaching data acquisition. Generally, three to six FRAP curves from a particular cell were collected by repeated bleaching at the same ROI. The monitored fluorescence recovery plateau was between 100-150 sec at 23˚C with mobile fraction .85%. Sample rate was 120-280 images at a rate of 2.1 image/s. 13 cells (64 FRAP curves) and 18 cells (73 FRAP curves) of Orai1b and Orai1a were obtained from three independent experiments. FRAP curves were collected from Orai1a and Orai1b coexpressed cells by using two parallel laser lines, 488 nm (70%) and 561 nm (45% of a 15mW laser) for bleaching. Sample rate was 1 image/s, recording two channels simultaneously using line scanning. Again, three pre-bleach images were taken to assess noise. Twenty coexpressed cells (54 FRAP curves) were acquired from three independent experiments.
In order to compare recovery curves for different cells, we normalized the data to correct for variations in protein expression levels, background fluorescence, and loss of fluorescence during bleaching. The background photobleaching correction was calculated from a neighboring cell. To calculate the percentage of mobile fractions of the two Orai1 forms the pre-bleach intensity was set as 1 for normalization.
To obtain the rate of mobility in the two Orai1 isoforms, we set as 1 the difference between the fluorescence intensities at the asymptote and that immediately following the bleach. To reduce the noise sufficiently to determine the optimal number of exponentials to fit the recovery kinetics, 64 normalized FRAP curves from 13 cells (Orai1b) were averaged using a house written macro of SigmaPlot (Systat Software, CA). Two exponential fitting gave the best parameter dependencies and standard deviations (SD). Then each normalized recovery curve was fitted with two exponential recovery curves. Statistical analysis, t-test of the half times and their distribution was calculated by SigmaPlot software. An illustration of the method and an example of raw FRAP data obtained in this way is given in supplementary material Fig. S1 .
Ca
2+ imaging
Measurement of changes in [Ca 2+ ] i was performed as we previously described (DeHaven et al., 2008) . Cells were loaded with the fluorescent Ca 2+ indicator Fura-5F. The fluorescence ratio images were recorded from cells incubated in HBSS: 145 mM NaCl, 3 mM KCl, 1.8 mM CaCl 2 , 1.2 mM MgCl 2 , 10 mM HEPES, 10 mM glucose (pH 7.4 adjusted with NaOH). CaCl 2 was omitted in Ca 2+ -free solution.
Electrophysiology
Whole-cell currents were measured as described previously (DeHaven et al., 2008) . The standard extracellular HBSS contained: 145 mM NaCl, 3 mM KCl, 10 mM CsCl, 1.2 mM MgCl 2 , 2 mM CaCl 2 , 10 mM glucose and 10 mM HEPES (adjusted to pH 7.4 with NaOH). The intracellular pipette solution contained: 145 mM Cs-methanesulfonate, 10 mM BAPTA, 10 mM HEPES and 8 mM MgCl 2 (adjusted to pH 7.2 with CsOH) together with the addition of 25 mM IP 3 (hexasodium salt). Currents were acquired with pCLAMP-10 (Axon Instruments) and analyzed with Clampfit (Axon Instruments).
